It has been found that commercial water-soluble soybean polysaccharides (SSPS) can make cooked rice and noodles non-sticky and prevent rice grains and noodles from adhering to each other. We studied in detail the phenomenon of rice cooked with SSPS. We assumed that the phenomenon resulted from the interaction between SSPS and starch during cooking, and studied the eŠects of SSPS on the gelatinizing behavior of rice starch by using a Rapid-Visco-Analyzer. The addition of SSPS reduced the viscosity of the gelatinized starch. This lowerˆnal viscosity of the rice starch was more distinct from than that of potato starch. These results imply that the properties of SSPS in forming a non-sticky condition might result from a decrease in the viscosity of the gelatinized starch.
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We have shown in a previous report that watersoluble soybean polysaccharides (SSPS) can be extracted from puriˆed polysaccharides of soybean cotyledon meal after a protease treatment by heating under acidic conditions. The highest yield (at pH 5.0 and 1209 C for 3.0 hours) of the polysaccharide fraction, which was obtained after 80z (v W v) of ethanol precipitation, was 56.6z on the basis of the puriˆed polysaccharides of soybean cotyledon meal. 1) These polysaccharides displayed diŠerent rheological characteristics, depending on the extraction conditions: (1) heat-reversible gelation; (2) heat-irreversible gelation; (3) ‰uidity even at 59 C; and (4) a speciˆc structure rich in uronic acid in addition to ‰uidity. 1) SSPS having the characteristic of (3) was composed mainly of galactose, arabinose and galacturonic acid, was soluble in both cold and hot water without gelation, and showed a relatively low viscosity (64 mPa・s at a shear rate of 129 (1 W s), at 209 C and 10z of SSPS) compared to that of other gums and stabilizers such as pectin and guar gum.
2) On the other hand commercial SSPS extracted by a similar procedure (at pH 5.0 and 1209 C for 1.5 hours) to that for (3) can be used not only as a dietary raw material forˆber-fortiˆed foods, but also in pharmaceutical and industrial applications and many other food applications. Among the commercial SSPS food applications, the ability to keep cooked rice non-sticky has recently been reported. 3, 4) We believe that this phenomenon resulted from the interaction between SSPS and starch during the cooking process. We study the in‰uence of SSPS on the gelatinization of rice starch and consider the relationship between the aforementioned phenomenon and the gelatinization behavior.
Materials and Methods
Materials. The rice ( japonica) used was Koshihikari (Niigata, Japan, 1999 crop). Commercial SSPS (Soyaˆbe-S-DN) was obtained from Fuji Oil Co. (Osaka, Japan) and used for all the studies reported in this work. Potato starch (native potato starch) and rice starch were obtained from Merk Co. (Frankfurt, Germany) and Sigma Chemical Co. (St. Louis, USA), respectively.
Normal rice cooking. The rice was cooked by the usual procedure. First, 270 g of rice grains were washed three times with 1000 g of tap water. The rice grains were then washed with 1000 g of distilled water. After washing and draining the water used for washing, the washed grains were put into an automatic electric rice cooker (NMS-C10, Zojirushi Co., Tokyo, Japan), and the total weight was adjusted to 683 g with distilled water (the ratio of cooking water (g) W raw rice (g) was 1.53.). The grains were soaked for 1 hour at room temperature (approx. 209 C) and subsequently cooked automatically. The cooked rice was steamed in the rice cooker retaining its warmth for 20 minutes after the automatic shut-oŠ.
Rice cooking after addition of SSPS. A 5z SSPS aqueous solution was prepared and then added to the cooking water in a soaking range of concentration from 0 to 2.0z of dried SSPS on the basis of the raw rice weight.
Evaluation of the physical properties of the cooked rice grains. The cooked rice was cooled at 209 C for 3 hours, after being covered by a cloth to prevent evaporation of the water and return condensed vapor to the cooked rice. Ten cooked rice grains were picked from the center of each batch of cooked rice and their physical properties were measured. The physical properties of the cooked rice grains were evaluated with a Tensipresser (My Boy System, Taketomo Electric, Tokyo, Japan) which was used with the accompanying software (two bite system for Windows Version 2.22), according to the method of Okadome et al. 5) Two kinds of test were continuously conducted: A low-compression test (the compression ratio was 25z of a cooked rice grain's thickness.) and a high-compression test (the ratio was 90z) . As described in Fig. 1 , the H1, -S1 and area A1 are considered to represent the surface hardness, stickiness and adhesiveness in the low-compression test, and H2, -S2 and area A2 as the overall hardness, stickiness and adhesiveness in the high-compression test, respectively. The measurement conditions used for the Tensipresser were a probe (bite) speed of 4.0 mm W sec, static time until the second bite of 2.5 sec. and an aluminum plunger of 30 mm in diameter.
Observation of the gelatinization behavior of starches. The gelatinization behavior of potato and rice starches was observed with a Rapid-ViscoAnalyzer (RVA, Newport Scientiˆc Co., NSW, Australia) which was used with the accompanying software (Thermocline for Windows Version 2.0). In the case of the potato starch, 2 g (dry weight) of a starch sample for the RVA analysis was suspended in 23 g of distilled water and an SSPS aqueous solution. In the case of the rice starch, 3 g (dry weight) of a starch sample was suspended in 22 g of distilled water and an SSPS aqueous solution. Each SSPS aqueous solution was prepared by to distilled water at slightly less than the desired quantity. After heating to 809 C and allowing to dissolve for 15 minutes, the solutions were cooled to room temperature and adjusted to the appropriate concentration. Each suspension was vigorously stirred by a paddle blade. A canister containing the starch suspension was immediately inserted into the heating chamber of the RVA The surface of the cooked rice grain was observed with a highdeˆnition confocal scanning microscope (1HD-200, Lasertec Co., Yokohama, Japan).
apparatus to prevent the sample from precipitating. The measurement proˆle is shown in Table 1 . In this investigation, theˆnal temperature was decreased to 209 C to evaluate the properties of each gelatinized starch at the same temperature as that used for measuring the physical properties of the cooked rice grains. The cooling water for the RVA system was changed to an ethylene glycol aqueous solution at -109 C, and the standard ＃1 analysis was used.
EŠects of SSPS and increased water on cooked rice. To investigate the eŠects on cooked rice of both SSPS and increased water, the rice was cooked with 1.0z SSPS added on the basis of the raw rice weight. The distilled water used for cooking was increased in the range from 0 to 20z of the normal cooking water weight (the total weight before cooking was from 1 to approximately 1.12 times that used in normal cooking). The cooking method was the same as that used for normal cooking.
Microscopic observation. The surfaces of the cooked rice grains were studied with a high-deˆnition confocal scanning microscope (1HD-200, Lasertec Co., Yokohama, Japan) while the inside of the cooked rice grains was studied with a Cryo-Scanning electron microscope (Cryo-SEM, JSM 5300, JEOL Co., Tokyo, Japan) and ‰uorescence microscope (IX70, Olympus Co., Tokyo, Japan). For the Cryo-SEM observation, a cooked rice grain was frozen in liquid nitrogen, fractured by a scalpel, and transferred to the cold stage of the preparation chamber. Each sample was exposed at -809 C for 10 min under a pressure º2×10 -4 Pa and cryo-sputter-coated with gold. For the ‰uorescence microscopic observation, SSPS was puriˆed by an alcohol precipitate technique to prevent the formation of low-molecularweight saccharides. As an example, 360 g of 99z ethyl-alcohol was poured into 100 g of a 10z commercial SSPS solution, and the mixture stirred immediately. The precipitate collected by centrifugation (5000×g for 10min.) was dried in an oven at 609 C. The pyridylamino-SSPS derivatives were prepared by the method of Morita et al. 6) and added to the rice samples before cooking. A cooked rice grain was cooled at 59 C for 2 hours. After it had been frozen in cooled n-hexane with dry ice and immediately fractured, the sample was stored in an incubator for 2 days at 29 C before being observed. To elucidate the diŠerence between the eŠect on the cooked rice with and without SSPS, cooked rice with SSPS was prepared by adding 2.5z of SSPS on the basis of the raw rice weight.
Statistical analyses. Each result is expressed as the mean±SE. The results were analyzed by one-way ANOVA (SPSS 6.1J, SPSS Japan, Tokyo, Japan), this being followed by the Tukey test 7) to identify signiˆcance. DiŠerences are considered signiˆcant at Pº0.05.
Results and Discussion
EŠect of SSPS on rice cooking and on the physical properties of the cooked rice grains Table 2 shows the eŠect of adding SSPS on the cooked rice yield and cooking time. The cooking time was increased with increasing SSPS concentration. On the other hand, the weight yield of the cooked rice was signiˆcantly decreased with increasing SSPS concentration ( Pº0.05). This result indicates the possibility that the water used for gelatinizing the starch in or on the rice grains during cooking with SSPS was less than that used for cooking the rice without SSPS, and that the water not used for Starches. , control; , 5z of SSPS on the basis of the starch weight was added. The gelatinization process was observed with a Rapid-Visco-Analyzer (RVA). Two grams (dry weight) of potato starch and 3 g of rice starch for the RVA analysis were respectively suspended in 23 g and 22 g of distilled water and the SSPS solution. gelatinization was evaporated. Table 3 shows the eŠect of adding SSPS on the physical properties of the rice grains. The hardness of both the surface and the complete cooked rice grains was signiˆcantly increased with increasing SSPS concentration ( Pº0.05). On the other hand, the stickiness and adhesiveness of both the surface and complete cooked rice grains was signiˆcantly decreased ( Pº0.05) with increasing SSPS concentration. The results of the cooked rice grains with SSPS becoming physically harder than that without SSPS show those the eŠect of SSPS on the non-stickiness of the cooked rice did not result from only a coating of SSPS on the surface of the rice grains. Figure 2 shows the microscopic structure of the surface of a cooked rice grain. In the case of the rice cooked without SSPS, a thick pasty substance completely covering the surface of the rice grain was observed. However, in the case of the rice cooked with SSPS, there was little paste, and the exposed surface of the rice grain, considered as amyloplasts, was observed. These results suggest that a reaction occurred on or in the rice grains during the cooking process as a result of adding SSPS during cooking. It has been suggested that the condition of the cooked rice grains' surface is determined by the starch 8, 9) which becomes separated from the rice grains early in the course of cooking. The starch then returns to the surface of the rice grains through gelatinization in the latter stage of cooking (Fig. 3) . 8) We considered the possibility that SSPS might aŠect the gelatinization of the rice starch during cooking. Therefore, we studied the eŠects of SSPS on the gelatinization behavior of rice starch for comparison with that of potato starch by using RVA apparatus. We also considered the relationship between the properties of SSPS and theˆndings obtained.
EŠect of SSPS on the gelatinization behavior of the rice and potato starches Figure 4 shows the typical RVA characteristics of potato (a) and rice starch (b) in both the presence and absence of SSPS. Table 4 shows the eŠect of adding SSPS on the characteristic RVA values during the gelatinization of both of the starches. Under each of the conditions examined, gelatinization occurred at a similar temperature in each potato and rice starch regardless of the presence of SSPS. However, the rheological behaviors were signiˆcantly diŠerent. In the case of the potato starch in the absence of SSPS, the peak viscosity amounted to approximately 6300 mPa・s. However, in the presence of SSPS, this viscosity was dramatically reduced with increasing SSPS content ( Pº0.05) ( Table 4 ). Although such a reduction also occurred in the case of the hold viscosity, the degree of reduction was lower than that for the peak viscosity. Theˆnal viscosity at 209 C was not signiˆcantly changed by SSPS ( Pº0.05). However, the behavior of the rice starch was diŠerent from that of the potato starch. In the case of the rice starch, the peak andˆnal viscosities were reduced by a similar extent. The reduction in the peak viscosity of the rice starch was lower than that of the potato starch. Theˆnal viscosity of the rice starch was diŠerent from that of the potato starch: as already mentioned, theˆnal viscosity of the potato starch was not signiˆcantly changed with increasing SSPS content ( Pº0.05), whereas that of the rice starch was signiˆcantly decreased ( Pº0.05). This examination with RVA apparatus indicates that theˆnal viscosity after cooling to 209 C was closely related to both the cooked rice grain's stickiness and the adhesiveness between the cooked rice grains, because the physical properties of the cooked rice grains were aŠected by the physical properties of the gelatinized rice starch that is present on the cooked rice surface. 8) In other words, the lower viscosity of gelatinized starch on the cooked rice grain surface makes this surface more slippery.
We speculate from these result that the non-stickiness of the rice cooked with SSPS resulted not only from the coating of SSPS on the surface of the rice grains, but also from the following two other phenomena: (1) the addition of SSPS made the cooked rice grain harder, and (2) SSPS reacted with the rice starch during the cooking process and reduced the viscosity of the rice starch paste on the surface of the cooked rice grains.
EŠect of SSPS and increased water on rice cooking and on the physical properties of the cooked rice grains Table 5 shows the eŠect of increasing the amount The inside of the cooked rice grain was studied with a ‰uores-cence microscope (IX70, Olympus Co., Tokyo, Japan). For this observation, SSPS was puriˆed by an alcohol precipitate technique to prevent the formation of low-molecular-weight saccharides. With this method, 360 g of 99z ethyl alcohol was poured into 100 g of a 10z commercial SSPS solution, and the mixture stirred immediately. The precipitate collected by centrifugation (5000×g for 10 min) was dried in an oven at 609 C. Pyridylamino-SSPS derivatives were prepared by the method of Morita et al. 6) and added to the rice sample before cooking. A cooked rice grain for examination was cooled at 59 C for 2 hours. After it had been frozen in n-hexane cooled with dry ice and immediately cracked, the cracked sample was stored in an incubator for 2 days at 29 C before the observation. The inside of the cooked rice grain was studied by Cryo-scanning electron microscopy (Cryo-SEM; JSM 5300, JEOL Co., Tokyo, Japan). A cooked rice grain was frozen in liquid nitrogen, fractured by a scalpel, and transferred to the cold stage of the preparation chamber. The sample was exposed to -809 C for 10 min under a pressure of less than 2×10 -4 Pa and cryo-sputter-coated with gold.
of cooking water with 1z SSPS (on the basis of the raw rice weight) on the cooked rice yield and cooking time. Both the cooking time and the weight yield were signiˆcantly increased with increasing amount of cooking water ( Pº0.05). Table 6 shows the eŠects on the physical properties of the cooked rice grains in this investigation. The hardness of both the surface and internal components of the cooked rice grains signiˆcantly decreased with increasing water quantity ( Pº0.05). When the overall hardness was a similar value to that without SSPS and with the normal quantity of cooking water, the cooking water amounted to approximately 1.1 times that of the normal quantity. In this case, the stickiness was not signiˆcantly aŠected ( Pº0.05), although the adhesiveness was slightly increased, ( Pº0.05); however, the values were much lower than those for normal cooking without SSPS. These results suggest that the prime factor in the reduced stickiness and adhesiveness of the cooked rice grains with and without SSPS was not that SSPS made the cooked rice harder. Moreover, it can be seen from these results that an increase in the amount of cooking water and the addition of SSPS increased the yield of cooked rice without aŠecting its stickiness.
Observation of the inside of rice grains cooked with SSPS and an increase amount of cooking water
We speculated that the reaction between rice starch and SSPS on the surface or in the rice grains contributed to the reduced stickiness and adhesiveness of the cooked rice with SSPS from the RVA characteristics of the rice starch with SSPS. In this investigation, we tried to observe where SSPS existed on or in the cooked rice grains. Figures 5, 6 (a) and 6(b) show the internal structure of a rice grain cooked with SSPS and increased cooking water (1.1 times the weight of that used for normal cooking). Figure 5 shows that pyridylamino-SSPS derivatives (blue) are present between the cells (yellow) in the surface layer of the cooked rice grains, and that the amyloplasts (shown by º) had not been destroyed by starch granules as the amount of cooking water was increased. Cryo-SEM observations show thatˆrm amyloplasts and starch granules were not present in the rice grains cooked normally (Fig. 6(a) ). However, the same view as that shown in Fig. 5 was apparent in the rice grains cooked with SSPS and an increase of cooking water. Many starch granules which might not have been gelatinized were observed. These observations and results suggest that SSPS might have partially inhibited the gelatinization of the rice starch in the surface layer of the rice grain and reduced the adhesiveness of the cooked rice surface.
In conclusion, it has been shown that SSPS can make cooked rice non-sticky and prevent the grains from adhering to each other. The present work studies this phenomenon in detail. We hypothesize that this phenomenon resulted from the interaction between SSPS and starch during cooking, and we therefore studied the eŠects of SSPS on the gelatinization behavior of the rice starch. The addition of SSPS made the cooked rice harder and more nonsticky than that without SSPS, and reduced theˆnal viscosity of the gelatinized starch at 209 C from the RVA characteristics of the rice starch. Furthermore, the stickiness and adhesiveness of rice grains cooked with SSPS were hardly changed, even if the hardness of the rice grains with SSPS was adjusted to be the same as that in normal cooking without SSPS by increasing the amount of cooking water. Theseˆnd-ings suggest that the properties of SSPS contributing to the non-sticky conditions might be those responsible for the decreased viscosity of the gelatinized starches which control the surface condition of the cooked rice grains. Microscopic observations of the rice grains cooked with SSPS indicate starch granules even after cooking. We speculate that this phenomenon also contributed to reduced stickiness and adhesiveness of the rice cooked with SSPS.
